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VEHICLE STABILIZER FOR HIGH STRESS 



Field of the Invention 

[0001] The present invention relates to a solid vehicle stabilizer for high stress, the 
stabilizer being applicable under high stress, that is able to reduce an amount in 
which a vehicle body is rolled during a turning of a vehicle such as an automobile, 
and improves riding comfort for a vehicle passenger, and enhances stability of the 
vehicle body. 



Background Art 

[0002] Typically, in order to reduce an amount of a vehicle roll that occurs during 
a vehicle cornering, a vehicle such as an automobile is provided with a stabilizer 
that is formed by conducting a hot-bending process on a spring steel material or the 
like (see Document 1). 

[0003] Such a stabilizer has a complicated configuration in which a plurality of 
points at a lengthwise intermediate portion of the stabilizer is bent in order to avoid 
the stabilizer from interfering with a lower portion and a suspension of a vehicle 
body when the stabilizer is attached to a vehicle. However, generally, the 
stabilizer comprises a torsion portion that is existed to extend in a vehicle 
widthwise direction in a state of being attached to the vehicle and arm portions 



extending respectively from both left and right end portions of the torsion portion 
in a front and back direction of the vehicle. Further, a continuous portion 
spanning between the torsion portion and each of the arm portions is formed into a 
circular arc shape and is provided with a bending portion. 
[0004] Here, the torsion portion is connected at the vehicle body side through a 
rubber bush, a bracket or the like. Link members are also connected to tip end 
portions of the arm portions by using bolts or the like, and the arm portions are 
connected, via the link members, to each member at a side of an axle such as a 
suspension arm or the like. Then, during a vehicle cornering, vertical loads in 
directions opposite to each other are applied to the tip end portions of the 
respective arm portions so that the respective arm portions are deflected in 
directions opposite to each other, and the torsion portion is twisted due to a 
moment. Accordingly, this stabilizer is structured to allow a resilient reaction 
force to act on the member at the axle side and, suppress the roll of the vehicle 
body. 

[0005] Therefore, high load is repeatedly applied to such a stabilizer, which causes 
a problem with durability such as fatigue life. In particular, a maximum stress 
that is applied to the stabilizer tends to generate on the bending portion. However, 
generally, due to contacting with a mold during the hot-bending process, a flat 
portion, what is called, a "tool mark" is formed at the bending portion, therefore, 
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the cross section of the bending portion is made flat to form a substantially 
D-shape. For this reason, when the stabilizer is actually attached to a vehicle for 
practical use, stress is often concentrated on the "tool mark" of the bending portion, 
which often causes the stabilizer to be broken due to the concentration of stress. 
Accordingly, in order to improve the durability of the stabilizer, fatigue life of the 
bending portion must be maintained as long as possible. 
[0006] In particular, due to an increase of family of a vehicle having a large 
vehicle height such as a so-called SUV (sports utility vehicle), high roll rigidity of 
the stabilizer is highly required. Further, in order to obtain a crushable zone in 
the vehicle, it is also required that arm portions should be made as short as possible. 
For this reason, there is a tendency that stress applied to the bending portion 
increases more and more. Consequently, in such a stabilizer used under high 
stress as described above, further improvement in durability is required. 
(Document 1: Japanese Patent Application Laid-Open (JP-A) No. 7-215038) 

Disclosure of the Invention 

Problems to be Solved by the Invention 

[0007] In view of the aforementioned facts, an object of the present invention is to 
provide a vehicle stabilizer for high stress in which fatigue life of a bending 
portion can be prolonged and which can exhibit excellent durability. 
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Means for Solving the Problems 

[0008] In order solve the aforementioned problems, the present invention is a 
vehicle stabilizer for high stress that is formed by conducting a hot-bending 
process on a solid round steel bar material, wherein a bending portion is molded in 
a state which satisfies conditions: 

0«t>^4and (<j>xd/R)^2, 
in which d represents a material diameter of the solid round steel bar 
material, R represents a radius of bending of the bending portion, dl represents a 
short radius of a cross section of the bending portion, d2 represents a long radius of 
the cross section of the bending portion, and a flat rate <|> of the cross section of the 
bending portion is represented by the following equation: 

<j)=(d2-dl)/d2xl00. 

[0009] The present invention is the vehicle stabilizer for high stress in which a 
radius of bending R, a flat rate $ of a cross section of the bending portion, and a 
material diameter d before the bending process are set within predetermined ranges 
of values at the bending portion on which a maximum stress is generally applied 
and which is a most fragile portion. Here, the material diameter d, and the radius 
of bending R of the bending portion are values independently determined for each 
vehicle family. Namely, in the vehicle stabilizer for high stress of the present 
invention, the flat rate * of a cross section of the bending portion is determined 
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within a predetermined range of values on the basis of values of the predetermined 
material diameter d and the radius of bending R of the bending portion. 
Consequently, it becomes possible to prevent concentration of stress, i.e., shearing 
stress, occurred at the bending portion when the load is inputted thereto and 
prevent the vehicle stabilizer from being broken at the bending portion due to the 
concentration of stress at the bending portion. 

[0010] Further, the present invention is the vehicle stabilizer for high stress, 
wherein the vehicle stabilizer for high stress is used under stress of SOOMPa or 



more. 



Effects of the Invention 

[0011] As described above, the vehicle stabilizer for high stress according to the 
present invention can prolong fatigue life of the bending portion, and improve 
durability. 

Brief Description of the Drawings 

[0012] Fig.l is a front view showing a vehicle stabilizer for high stress according 
to an embodiment of the present invention. 

[0013] Fig.2 is a side view showing the vehicle stabilizer for high stress according 
to the present embodiment. 
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[0014] Fig.3 is a perspective view showing a structure of a bending portion of the 

vehicle stabilizer for high stress according to the present embodiment. 

[0015] Fig.4 is a cross-sectional view taken along a line A-A of Fig. 3. 

[0016] Fig.5 is a plan view showing the structure of the bending portion of the 

vehicle stabilizer for high stress according to the present embodiment. 

[0017] Fig. 6 is a perspective view showing a test piece applied for a fatigue test of 

the vehicle stabilizer for high stress according to the present embodiment. 

[0018] Fig. 7 is a graph illustrating a relationship between a flat rate <|> and the 

number of repetitions of breakage in a case in which stress is 550MPa. 

[0019] Fig. 8 is a graph illustrating a relationship between (a flat rate $xa material 

diameter d/radius of bending R) and the number of repetitions of breakage in a case 

in which stress is 550MPa. 

[0020] Fig. 9 is a graph illustrating a relationship between a flat rate <j> and the 
number of repetitions of breakage in a case in which stress is 800MPa. 
[0021] Fig. 10 is a graph illustrating a relationship between (a flat rate $xa 
material diameter d/radius of bending R) and the number of repetitions of breakage 
in a case in which stress is 800MPa. 

Best mode for carrying out the Invention 
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[0022] Fig. 1 shows a front view of a vehicle stabilizer for high stress 10 
(hereinafter, stabilizer 10) according to an embodiment of the present invention. 
Further, Fig. 2 shows a side view of the stabilizer 10. 

[0023] The stabilizer 10 is molded such that a hot-bending process is conducted on 
a solid round steel bar, and immediately, a quench-and-temper process is conducted 
thereon, and is adapted for the use under high stress of 500MPa or more. This 
stabilizer 10 is formed into a complicated configuration in which a plurality of 
portions is bent at an intermediate portion in a lengthwise direction of the stabilizer 
10 in order to avoid the stabilizer 10 from interfering with a lower structure and a 
suspension of a vehicle body when attached to a vehicle. The stabilizer 1 0 
comprises, in a state of being attached to the vehicle, a torsion portion 12 
extending in a widthwise direction (in a direction of arrow WC) of a vehicle and 
arm portions 14 extending from both left and right end portions of the torsion 
portion 1 2 in a front and back direction of a vehicle (in a direction of arrow FR). 
Two bending portions 18, each of which is bent in a crank shape, are provided at 
lengthwise intermediate portions of the torsion portion 12. Bending portions 20, 
each of which is bent in a circular arc shape, are provided respectively at a 
lengthwise intermediate portion of the arm portions 14. Bending potions 16, each 
of which is formed in a circular arc shape, are provided at continuous portions, 
each of which is formed between the torsion portion 12 and each arm portion 14. 



7 



[0024] As shown in Figs. 3 and 4, a flat portion, what we call, "tool mark" 22 is 
formed at an outer periphery of each bending portion 16 due to contacting with a 
mold during the hot-bending process, and a cross section of the bending portion 16 
is made flat to have substantially D shape. Further, although it is not shown, tool 
marks are also formed at the bending portions 18 and 20 in the same manner as in 
the bending portion 16. In order to simplify the explanation of bending portions, 
the bending portion 16 is representatively exemplified and a description thereof 
will be made, hereinafter. 

[0025] In the stabilizer 10, the bending portion 16 is formed into a state which 
satisfies conditions: 

0«^4,and(4>xd/R)^2, 
wherein d represents a (material) diameter of the solid round steel bar 
material, R represents a radius of bending of the bending portion 16, dl represents 
a short radius of a cross section of the bending portion 16, and d2 represents a long 
radius of the cross section of the bending portion 16, and a flat rate <j> of the cross 
section of the bending portion 16 is represented by the following equation: 

<|> = (d2-dl)/d2xl00 (%) --(I). 
[0026] Further, the radius of bending R of the bending portion 16 is a radius of 
bending which is taken along the centerline SP of the bending portion 16 as shown 
in Fig. 5. Moreover, the material diameter d of the solid round steel bar material 
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and the radius of bending R of the bending portion are values individually set for 
each of vehicle families. 

Next, a description of a fatigue test will be made. 

[0027] Fig. 6 shows a perspective view of a test piece 50 which was employed for 
a fatigue test of the stabilizer 10 according to the present embodiment. 
The test piece 50 was made such that a round bar i.e., JIS spring steel material 
"SUP9" having a predetermined material diameter was subjected to a hot-bending 
process, and formed into a substantially U shape, and was immediately subjected to 
a quench-and-temper process. A length of a torsion portion 52 was set to 800 mm, 
and a length of each of arm portions 54 at both sides was set to 400 mm. At this 
time, as seen from table 1 shown below, sixteen test pieces 50 in total, numbered 
from Al to A8 and from Bl to B8, were prepared by varying a bending portion 56 
of each of the test pieces 50 in shapes (values of the radius of bending R, the flat 
rate * of the cross section, and the like). Further, although it is not shown, at the 
bending portions 56 of the test pieces 50, in the same manner as the bending 
portion 16 of the stabilizer 10, tool marks were formed during the hot-bending 



process. 
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Table 1 



IN U 


inatprial 

diameter d 
(mm) 


radius of 
bending 
R (mm) 


d/R 


short 
radius dl 
(mm) 


long 

radius d2 
(mm) 


flat ratecj) 
(%) 


<|> xd/R 


Al 


23 


x £- 

65 


0.35 


22.8 


23.0 


0.87 


0.31 


A2 


23 


45 


0.51 


22.6 


23.0 


1.74 


0.89 


A3 


26 


65 


0.40 


25.7 


26.0 


1.15 


0.46 


A4 


26 


45 


0.58 


25.5 


26.0 


1.92 


1.11 


A5 


23 


65 


0.35 


22.8 


23.0 


0.87 


U.i 1 


A6 




45 


0.51 


22.6 


23.0 


1.74 


0.89 


A7 


' 26 


65 


0.40 


25.7 


26.0 


1.15. 


0.46 


A8 


26 


45 


0.58 


25.5 


26.0 


1.92 


1.11 


Bl 


23 


65 


0.35 


21.8 


23.0 


^ 5.22 


1.85 


B2 


23 


45 


0.51 


21.6 


23.0 


6.09 


3.11 


B3 


26 


65 


0.40 


24.5 


26.0 


1 5.77 


2.31 


B4 


26 


45 


0.58 


24.3 


26.0 


r 6.54 


3.78 


B5 


[ 23 


65 


0.35 


21.8 


23.0 


5.22 


1.85 


B6 


23 


45 


0.51 


21.6 


23.0 


6.09 


3.11 


B7 
B8 


26 
26 


65 
45 


0.40 
0.58 


24.5 
24.3 


26.0 
26.0 


5.77 

! 6.54 


2.31 
3.78 



remarks 



Present 
Invention 



Comparative 
Example 



[0028] As shown in table 1, the test pieces 50 numbered from Al to A8 are formed 
in a state that shapes of the bending portions 56 suffice conditions: 
0 «b^4, and (<i)xd/R) ^ 2 (the present invention). In other words, each of the 
bending portions 56 of the test pieces 50 numbered from Al to A8 is equivalent to 
the bending portion 16 of the stabilizer 10. On the other hand, the test pieces 50 
numbered from Bl to B8 are formed in a state in which shapes of the bending 
portions 56 do not suffice the conditions: 0«|> ^ 4, and (<|)xd/R) ^ 2 (the 
comparative example). On the other hand, a method for a fatigue test is such that 
the torsion portion 52 of the test piece 50 is supported at two points thereof, one of 
the arm portions 54 is horizontally fixed, the other is repeatedly connected via a 
rotational pin to a test device, a repeated vertical load is applied to the other arm 
portion 54, and the number of load applications (repetitions), at which number the 
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bending portion 56 between the other of the arm portions 54 and the torsion portion 
52 is broken, is counted. Moreover, two types of stresses that are applied to the 
arm portion 54 of the test piece 50 were 500MPa and 800MPa, respectively. The 
test pieces 50 numbered from Al to A4 and Bl to B4 are provided for the test 
under the stress of 500MPa, and the test pieces 50 numbered A5 to A8 and B5 to 
B8 are provided for the test under the stress of 800MPa. Further, an angle at. 
which the other arm portion 54 is bent was set within a range of from 90 to 100 
degrees. 

[0029] Here, measurement results from the fatigue test under the stress of 550MPa 
are shown in table 2. 

Table 2 



No. 


flat rate(|> 
(%) 


<j> xd/R 


number of repetitions of 

breakage 

( 0,000 times) 


remarks 


Al 


0.87 


0.31 


33.8 


Present Invention 


A2 


, 1.74 


0.89 


30.5 


A3 


1.15 


0.46 
1.11 


31.5 
29.5 


A4 
Bl 


1.92 
5.22 


1.85 


13.5 


Comparative 
Example 


B2 


6.09 


3.11 


15.2 


B3 
| B4 


5.77 
6.54 


2.31 
3.78 


14.6 
13.7 



[0030] Further, a graph of relationship between the flat rate * and the number of 
repetitions of breakage (the number of repetitions at a time of breakage) in table 2 
is shown in Fig. 7, and a graph of relationship between (+ xd/R) and the number of 
repetitions of breakage in table 2 is shown in Fig. 8. Moreover, in Figs. 7 and 8, 
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• marks express measurement results from the test pieces 50 (numbered from Al 
to A4) in which the configurations of the bending portions 56 suffice the 
conditions: 0<4^4, and (<|>xd/R)^2, and A marks express measurement results 
from the test pieces 50 (numbered from Bl to B4) in which the configurations of 
the bending portions 56 do not suffice the conditions: 

0«|> ^ 4, and (<j>xd/R) ^ 2. On the basis of table 2, and Figs. 4 and 5, under the 
load stress of 550MPa, regarding the test pieces 50 (numbered from Al to A4), in 
which the configurations of the bending portions 56 suffice both conditions: 0«|>^ 
4, and (<|>xd/R)^2, it is revealed that the number of repetitions of breakage is 295, 
000 times or more. On the other hand, under the load stress of 550MPa, regarding 
the test pieces 50 (numbered from Bl to B4), in which the configurations of the 
bending portions 56 do not suffice the conditions: 0«J>^ 4, and (<|)xd/R)^2, it is 
revealed that the number of repetitions of breakage are 1 52,000 times or less. 
[0031] Consequently, under the stress of 550MPa, as long as the bending portion 
56 is formed into a configuration that suffices both conditions: 0«|>^4, and 
((|>xd/R)^2, it is noted that the number of repetitions of breakage (fatigue life) of 
the bending portion 56 increases rapidly. 

Next, measurement results from the fatigue test under the stress of 800MPa 

are shown in table 3. 

Table 3 
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No. 


flat rate<|> 
\ /0 ) 


«p xa/K 


rmmhpr nf renetitions of 

breakage 

( 0,000 times) 


remarks 


A5 


0.87 


0.31 


3.2 


Present Invention 


A6 


, 1.74 


0.89 


3.7 


A7 


1.15 


0.46 


4.5 


A8 


1.92 


1.11 


4.0 


B5 


5.22 


1.85 


2.1 


Comparative 
Example 


B6 


6.09 


3.11 


1.5 


B7 


5.77 


2.31 


1.3 


B8 


6.54 


3.78 


1.2 



[0032] Further, a graph of relationship between the flat rate <|> and the number of 
repetitions of breakage in table 3 is shown in Fig. 9, and a graph of relationship 
between (f xd/R) and the number of repetitions of breakage in table 3 is shown in 
Fig. 10. Moreover, in Figs. 9 and 10, • marks express measurement results 
from the test pieces 50 (numbered from A5 to A8) in which the configurations of 
the bending portions 56 suffice the conditions: 0«|)^4, and (<t>xd/R)^2, and A 
marks express measurement results from the test pieces 50 (numbered from B5 to 
B8) in which the configurations of the bending portions 56 do not suffice the 
conditions: 0«j>^4, and (<|>xd/R)^2. On the basis of table 3, and Figs. 9 and 10, 
under the stress of 800MPa, regarding the test pieces 50 (numbered from A5 to A8), 
in which the configurations of the bending portions 56 suffice both conditions 0«|> 
^4, and (<|>xd/R)^2, it is revealed that the number of repetitions of breakage is 32, 
000 times or more. On the other hand, under the stress of 800MPa, regarding the 
test pieces 50 (numbered from B5 to B8) that have the bending portions 56 whose 
configurations do not suffice the conditions: 0«t>^4, and (<|>xd/R)^2, it is 
revealed that the number of repetitions of breakage is 21,000 times or less. 
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[0033] Consequently, also, under the stress of 800MPa, as long as the bending 
portion 56 is formed into a state that suffices both conditions 0<^4, and (<|>xd/R) 
£2, the number of repetitions of breakage (fatigue life) of the bending portion 56 
increases rapidly. 

[0034] From the above-described results, it is revealed that, in the solid stabilizer 
10 which has received a heat treatment by a hot-bending process and is to be used 
under the stress of 500MPa or more, the relationship among the flat rate <j> of the 
bending portion 16, the material diameter d before the bending process, the radius 
of bending R of the bending portion 16 suffices both 0«|>^4 and «>xd/R)^2, it is 
ensured that the stabilizer 10 having excellent durability can be obtained, and that 
the present invention can exhibit excellent efficiency. 
[0035] Thus, in the vehicle stabilizer for high stress according to the present 
invention, fatigue life of the bending portion 16 can be increased, and durability 
can improve. 

[0036] Further, in the aforementioned embodiment, although relationship between 
the configuration of the bending portion 16 of the vehicle stabilizer 10 for high 
stress and fragile life has been explained, the bending portions 18 and 20 are also 
formed so as to suffice the conditions: 0<*^4 and (<(>xd/R)^2. 

Description of the Reference Numerals 
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1 0 : vehicle stabilizer for high stress 

12: torsion portion 

14: arm portion 

16: bending portion 

18: bending portion 

20: bending portion 

22: tool mark 

R: radius of bending 

d: material diameter 

dl: short radius 

d2: long radius 

<j> : flat rate 

50: test piece 

52: torsion portion 

54: arm portion 
56: bending portion 



